Crossovers ensure proper chromosome segregation in meiosis. A heterodimer of MutS proteins, hMSH4-hMSH5, has recently been found to interact with recombination intermediates in a manner that suggests a mechanism for directing meiotic DNA double strand break repair towards a crossover pathway.
The MutS protein started to attract our attention more than three decades ago [1] when it was found to control the spontaneous mutation rate in Escherichia coli. Subsequent genetic and biochemical studies showed that MutS is a key factor of the MutHLS system for post-replicative mismatch repair, acting as a dimer to recognize and bind mispaired nucleotides in the DNA duplex [2] . In the early 1990s, the first eukaryotic MutS homologues made their appearance; they came in multiples, revealing that evolution has variably equipped eukaryotic species with different sets of MutS paralogs, the MSH proteins. Budding yeast has as many as six of them; mammals, including humans, appear to have five.
Like bacterial MutS, which forms a functional heterodimer [3, 4] , the eukaryotic proteins assemble into various heterodimeric complexes with diverse biological functions. These range from correction of mispaired nucleotides during DNA replication and recombination to resolution of the recombination process that switches the mating-type in fission yeast [5] . The popularity of MutS hit its peak with the discovery that mutations in human MSH2 are associated with the cancer predisposition syndrome hereditary nonpolyposis colon cancer (HNPCC) [6, 7] . In the light of such glory, two more distantly related members of the MutS gene family, MSH4 and MSH5, have lived a rather shadowy existence. This may be because genetic data in budding yeast argued against their involvement in mismatch correction, but suggested a rather complex function in meiosis [8, 9] . Later gene expression data suggested that human MSH4 and MSH5 also function in meiosis [10, 11] .
Meiosis is the cytological process that reduces the diploid chromosome content of gametocytes by half to produce haploid gametes. This is achieved through two consecutive cycles of chromosome divisions, following a single round of DNA replication. A unique aspect of meiosis is division I, which does the actual numerical reduction to one chromosome complement by segregating the homologous centromeres to opposite poles. Thus, prophase I is dedicated to the establishment of physical connections between the maternal and paternal chromosome pairs, providing the bivalent structures required for proper attachment of their kinetochores to the meiotic spindle apparatus. These connections are accomplished largely by crossovers between homologous non-sister chromatids [12] , which result from homology-dependent repair of meiosis-induced DNA double strand breaks. Defects in the pathway(s) of crossover formation cause a failure in chromosome segregation at division I, which is associated with inefficient progression through meiosis and poor viability of the meiotic products. MSH4 and MSH5 are among the genes that, when inactivated, cause such a meiotic defect in budding yeast [8, 9] .
Snowden et al. The sliding itself appears to be a passive process, as it occurs without much ATP consumption.
From a mechanistic point of view, such a mode of action seems intuitively reasonable, but it raises a number of interesting structural and functional issues. One inevitable question is how the hMSH4-hMSH5 heterodimer manages to clamp two DNA duplexes. The high-resolution structures [3,4] available for two bacterial MutS proteins might give a clue. These structures have been likened to a pair of praying hands, with the thumbs folded inwards [14] . They reveal two wide openings, one between the heels of the palms and the top segment of the thumbs, the other between the thumbs and the tip of the fingers. Although the DNA substrate can be seen passing through the latter only, both channels would in fact be wide enough to accommodate a DNA double helix.
Although some conservation of domain structure is discernible among members of the MutS protein family, the amino termini of MSH4 and MSH5 clearly differ from those of the proteins functioning in mismatch correction. In the MutS structure, this amino-terminal domain builds the top segment of the thumb, which wedges into the minor groove of the DNA substrate to scan for mispairing nucleotides. As this would seem of little use in recognizing Holliday junctions, evolution may have sacrificed this part of the thumb in MSH4 and MSH5 to ease accommodation of two DNA duplexes. But the data reported by Snowden et al. [13] do not strictly exclude another possibility: hMSH4-hMSH5 might interact with the Holliday junctions as a heterotetramer. Two heterodimers might bind cooperatively to two halfjunctions, each embracing only one homologous duplex, and then slide along the paired duplexes in a coordinated manner.
Dimer or tetramer, the key observation by Snowden et al. [13] is remarkable -it refines the conceptual framework for future investigations into the complex meiotic processes that control the formation of crossovers and the establishment of crossover interference. A prevalent view of meiotic recombination distinguishes three homology-dependent pathways for repairing double strand breaks during meiotic prophase I. These have different consequences, generating: reciprocal crossovers associated with interference (COi); reciprocal crossovers without interference (COni); or non-crossover products (NCOs) [15] . A commitment towards COi is likely made before or during formation of early recombination intermediates -the physically detectable single-end-invasions [16, 17] . This decision seems impaired in msh4 or msh5 mutant budding yeast cells, which show a specific loss of COi, while NCO and (presumably) COni formation is unaffected [8, 9] .
Revelation of the biochemical activity of hMSH4-hMSH5 [13] now allows for some speculation about the mechanism of this decision-making process (Figure 1) . One could imagine that, following double strand break formation and single strand invasion, MSH4-MSH5 binds to the 'Holliday junction progenitor'. ADP-ATP exchange might then induce sliding of the complex, freeing the Holliday junction and allowing loading of another heterodimer. Repeated loading of MSH4-MSH5 stabilizes the recombination intermediate and facilitates its maturation to a double Holliday junction. The double Holliday junction is then resolved to yield a COi, where bound MSH4-MSH5 might play a role in positioning a Holliday junction resolvase to cut the junctions in opposite directions. Whether or not a Holliday junction precursor will become a COi might depend entirely on its success in recruiting MSH4-MSH5. Should recruitment fail, the intermediate will be resolved either by synthesis-dependent strand annlealing, producing NCOs, or by a MUS81-MMS4/EME1 nuclease-dependent pathway, generating crossovers without interference [15, 18] .
So far so good, but there is another part of the problem that needs explanation: crossover interference. This refers to the observation that the presence of a crossover at one position reduces the probability of another occurring nearby, resulting in a non-random distribution of crossovers along the chromosomes. This effect is inversely correlated with genetic distance and seems to be more pronounced on large chromosomes [19] . A number of rather complex explanations for the phenomenon have been put forward, most of them postulating some sort of interference signal propagating Current Biology R963 
